Some marine mammals are so rarely seen that their life history and social structure remain a mystery. Around New Zealand, Gray's beaked whales (Mesoplodon grayi) are almost never seen alive, yet they are a commonly stranded species. Gray's are unique among the beaked whales in that they frequently strand in groups, providing an opportunity to investigate their social organization. We examined group composition and genetic kinship in 113 Gray's beaked whales with samples collected over a 20-year period. Fifty-six individuals stranded in 19 groups (2 or more individuals), and 57 whales stranded individually. Mitochondrial control region haplotypes and microsatellite genotypes (16 loci) were obtained for 103 whales. We estimated pairwise relatedness between all pairs of individuals and average relatedness within, and between, groups. We identified 6 mothercalf pairs and 2 half-siblings, including 2 whales in different strandings 17 years and 1500 km apart. Surprisingly, none of the adults stranding together were related suggesting that groups are not formed through the retention of kin. These data suggest that both sexes may disperse from their mothers, and groups consisting of unrelated subadults are common. We also found no instances of paternity within the groups. Our results provide the first insights into dispersal, social organization, and the mating system in this rarely sighted species. Why whales strand is still unknown but, in Gray's beaked whales, the dead can tell us much about the living.
Cetaceans are unique among social mammals in that certain species regularly die together in mass-strandings. Sperm whales (Physeter macrocephalus), short-and long-finned pilot whales (Globicephala macrorhynchus and Globicephala melas, respectively), and false killer whales (Pseudorca crassidens) are known to mass-strand frequently (Evans et al. 2005; Ferreira et al. 2014; Téllez et al. 2014) . Humans have pondered the significance of cetacean mass-strandings since the time of Aristotle and the commonly held view is that the powerful bonds of kinship between whales overcome their individual need to survive. When group members become unwell, or disoriented, potentially a whole family can die on the beach. Mass-stranding species have been described as having relatively stable, and in some cases, complex kin-based social structures, for example, sperm whales form several hierarchically organized tiers of female social structure.
At the base of this hierarchical organization is the "unit" which is made up of several adult females from one or more matrilines, their dependent calves, and juveniles (Mesnick 2001; Gero et al. 2008) . These units can assemble into groups over periods of hours or days. Over several thousand kilometers, units can also be classified into "clans" based on the similarity of their vocalizations (Rendell and Whitehead 2003) . Similarly, long-finned pilot whales also exhibit a matrilineal social structure with social units forming the base of a hierarchical social organization (Amos et al. 1993; Ottensmeyer and Whitehead 2003) . However, according to Whitehead et al. (2012) and Oremus et al. (2013) both these deep-diving species show differences in such associations between the Pacific and the Atlantic. Other delphinids also mass-strand, for example, common dolphins (Delphinus delphis), and melon-headed whales (Peponocephala electra) (Viricel et al. 2008; Amano et al. 2014) . Samples from stranding events present us with an opportunity to characterize rare species' diet, reproduction, and other life-history parameters as well as group composition, trophic level, and aspects of the environment such as background contaminant levels (Newsome et al. 2010; Ramos and González-Solís 2012; Thompson et al. 2012; Amano et al. 2014; Jepson et al. 2016) .
New Zealand is a recognized global hotspot for strandings (Pyenson 2011 ) and some of the most common species to strand are among the most rarely observed-the beaked whales. These whales are known to be the deepest divers of all mammals, foraging for small fish and squid, spending little time at the surface or in coastal waters (Schorr et al. 2014) . Most species are rarely observed and nothing is known of their social organization. Gray's beaked whales (Mesoplodon grayi) are no exception. However, Gray's are unique among the beaked whales in that they regularly strand in groups. The holotype was 1 of 28 animals found stranded on the Chatham Islands, New Zealand in 1874 (von Haast 1876). Though their global distribution stretches throughout Southern Hemisphere circumpolar waters, most strandings of Gray's beaked whales are around New Zealand. Curiously, even though this species is the second most common cetacean to strand, these whales are exceptionally elusive and are almost never seen alive. In New Zealand, a national collaborative sampling regime has facilitated the collection of both morphological data and tissue samples from stranded Gray's beaked whales (Thompson et al. 2013) . Nothing is known of this species' social structure although previous research suggests that genetic diversity is high, with considerable gene flow implying a homogenous population between New Zealand and Australia (Thompson et al. 2016) .
We investigated the social organization of Gray's beaked whales by examining group composition and genetic kinship within, and between, stranded groups. We used specimen data to determine maturity and used genetic sex identification, mitochondrial haplotype data, and microsatellite genotyping to estimate familial relationships between whales. To our knowledge, this is the first assessment of genetic kinship in beaked whales. These mass-strandings provide a unique opportunity to examine the social structure of these enigmatic whales.
Material and Methods

Sample Collection and Genotyping
We examined a total of 113 stranded Gray's beaked whales where samples were collected over a 20-year period (1993-2013) (103 from New Zealand, 10 from Australia). Of these 113 whales, 56 individuals stranded in 19 groups (2 or more individuals), and 57 whales stranded individually. Five of these groups were live strandings and the remaining whales were either thought to be freshly dead (7 groups) or no data were recorded as to their condition (7 groups). Details of sampling regime, age-class estimates, and morphological data can be found in Thompson et al. (2013) and Thompson et al. (2014) . Samples from Australia were from whales that stranded as individuals.
Mitochondrial control region DNA sequence data (530 bp) and genetic sex identification were determined and samples were genotyped at 16 microsatellite loci. A full description of methods used for sex identification, microsatellite genotyping, and control region sequencing are detailed in Thompson et al. (2016) with additional information in Supplementary Material accompanying this publication. Twelve microsatellite loci are detailed in Patel et al. (2014) , and a further 4 are in Supplementary Material. Summary diversity statistics for these loci are provided in Thompson et al. (2016) and in Supplementary Material. All individuals were genotyped and genetically sexed apart from 6 from different strandings that were refloated and not sampled, 3 that were not genotyped, 1 that could not be sexed, and 1 that could not be genotyped or sexed. These additional 11 whales have been included in the broader analyses as they provide information on group sizes, sex, and composition of individuals within groups. Fifty-six whales were genotyped for 16 loci (100% genotyping success for 51 individuals; 93.7% for 4; 81.2% for 1) and 47 for 12 loci (100% genotyping success). Full details of the number and locations of whales that mass-stranded are provided in the Results section (see Figure 1 ). 
Kinship Analyses
Genetic kinship was estimated between all 103 genotyped whales. Given no evidence for population structure (Thompson et al. 2016) , it was assumed that samples were derived from a single, homogeneous population. In addition, according to Thompson et al. (2016) loci showed no evidence for null alleles, allelic dropout, or scoring errors due to stutter peaks.
Pairwise relatedness between every pair of individuals, as estimated by the triadic likelihood estimator (Wang 2007) , was calculated using COANCESTRY v1 (Wang 2011) . All analyses included 16 loci, and for individuals only genotyped for 12 loci, the additional 4 were set as unknown. To test whether relatedness was higher within groups than between groups, we restricted the data set to only individuals in group strandings and calculated average relatedness within and between groups. Group allocation was then randomized 5000 times to determine whether the observed difference in relatedness within groups compared with between groups was significant. A histogram was used as a density estimator with binwidth derived using Scott's method (Scott 1979 ) and a cubic spline interpolation using the spline function in R (R Core Team 2015).
A 2-step approach was taken to recover genetic kinship between pairs of individuals. First, CERVUS v3.0 (Kalinowski et al. 2007 ) was run to identify putative first-degree relationships between all 103 genotyped individuals. It is possible that strandings included both parents and offspring, so we assigned all 103 individuals as potential offspring, restricting candidate mothers and fathers to females and males not identified as "fetus" (1 individual), "dependent" (<3 m total body length, 4 individuals), or "subadult" (3-4.4 m total body length, 25 individuals). In total, we identified 39 candidate mothers and 35 candidate fathers.
Second, any putative relationships identified by CERVUS were tested in COLONY v2.0.5.5 (Wang and Santure 2009; Wang 2013 ) using a full likelihood approach to determine whether they were more likely to be parent-offspring, full-sibling, half-sibling, or unrelated. The putative relationships tested comprised of all pairs identified at >80% confidence in CERVUS, and pairs identified at 50% confidence that also had high pairwise relatedness values as estimated in COANCESTRY. Allele frequencies were recalculated after adjusting for biologically feasible parent-offspring pairs that were consistently identified over a range of parameter assumptions in CERVUS. The relationships were then fixed in the input parameters for COLONY, and the adjusted allele frequencies were used to calculate the likelihood of each of the relationships (for further details see Supplementary Material). We combined information from the 2-step CERVUS-COLONY approach with the pairwise relatedness coefficients, sharing of haplotypes and, finally, biological feasibility of relationships to determine the most likely relationships between individuals.
Results
Across the entire data set (103 stranded whales) we identified 38 mitochondrial control region haplotypes. Within the 19 groups we identified 6 statistically well-supported mother-calf pairs, 2 of which stranded without other whales (Table 1 , Cases 1-5 and 8). Excluding these 2 mother-calf pairs, the remaining 17 groups (20 males, 32 females), excluding all calves, had a mean group size of 3.4 (± 0.5 standard error [SE] ).
Two possible half-sibling relationships were also identified (Table 1 , Cases 6 and 7). In one stranding, a mature male and a female neonate were most likely to be half-siblings, with a shared haplotype suggesting these individuals may have shared a mother (Case 6). The other halfsibling relationship was between a male (stranded 1 March 1996) and a female subadult (stranded 6 January 2013) (Case 7). These whales were sampled 17 years apart, and at least 1500 km away from each other (Figure 1) . A parent-offspring relationship was strongly supported by COLONY in this case, though this is biologically unfeasible given the stranding dates. However, a half-sibling relationship had the second highest likelihood; the fact that these whales do not share a haplotype supports the hypothesis that they share a father.
None of the adults within any of the groups were related. When parent-offspring and sibling relationships were excluded, there was no evidence that the average relatedness within groups (0.067) was significantly higher than between groups (0.065); P < 0.414. The mean estimated relatedness between all pairs of individuals was low (0.078) (Figure 2 ) and only 397 pairs (7.6%) had relatedness values of 0.25 or more.
Discussion
The lack of evidence of parent-offspring relationships or relatedness between adults implies that both sexes disperse from their parents. Curiously, the adult whales that die together in these mass-strandings are unrelated and, therefore, these groups have not formed by the retention of close kin. Half-sibling relationships are highlighted in gray; the remaining are mother-offspring relationships.
We provide the first indications of group size (3.4 [± 0.5 SE]) in Gray's beaked whales. MacLeod and D'Amico (2006) suggest that patterns of group size for beaked whales may fall into 2 categories. Some species have smaller groups (2.5-3.5 individuals, maximum 20), for example, northern bottlenose (Hyperoodon ampullatus) and southern bottlenose (Hyperoodon planifrons) whales, Cuvier's (Ziphius cavirostris) and Blainville's (Mesoplodon densirostris) beaked whales. Other species have much larger groups, for example, 7.9 individuals for Berardius spp. and 19.4 for Longman's beaked whales (Indopacetus pacificus). The larger group size category for beaked whales, while based on limited observations, can include groups of up to 100 animals (Friedlaender et al. 2010; Fedutin et al. 2014) . Our estimate for Gray's beaked whale mean group size falls within the smaller range but must be interpreted with some caution given uncertainty in whether the whole group, or just part of a group, stranded and that genetic information is just one source of information.
In particular, inferring group composition and social structure solely from genetic data can be problematic. As with other studies of wide-ranging oceanic species (Viricel et al. 2008, common dolphins) , obtaining observational data is difficult and costly. In the case of Gray's beaked whales obtaining behavioral data is currently unfeasible without extensive survey work to identify key areas of their distribution. In studies where making direct observations of group structure is possible, for example, bottlenose dolphins (Möller et al. 2001; Krützen et al. 2003; Frère et al. 2010) , detailed information on associations between animals, genetic kinship, and paternity can be built over many years. These data can show detailed patterns in social alliances, reproductive strategies, and, more critically, variation among individuals.
Nonetheless, our data represent the most comprehensive collection for this species. These strandings are a "snapshot" of this rarely sighted species at the time of death. However, we have little knowledge of whether Gray's beaked whale groups may have consisted of additional animals that did not strand, or whether those animals may have stranded along the coast and were not discovered. There may also have been other strandings around the broader region that were not sampled throughout our study period. Because of these uncertainties mean group sizes may be underestimated, and group composition may not entirely reflect that of live groups.
Our data suggest that subadults were common within these stranded groups, and it is conceivable that the presence of these immature individuals is a contributing factor to the group stranding.
As we have no data on the composition of live Gray's beaked whale groups, it may be that groups with immature individuals have a higher likelihood of stranding. In Case 6 (Table 1) , why these 2 halfsiblings, a mature male and neonate female, of very different ageand sex-classes, might have stranded together remains unknown. It is highly possible that they were part of a larger group in which the other individuals did not strand or were not discovered.
The mating system of Gray's beaked whales is entirely unknown and the fact that we found no fathers within the groups, or few mixed-sex groups, is intriguing. Gray's beaked whale strandings around New Zealand peak in the austral summer, coinciding with the calving season (September-December), suggesting that these inshore movements may be associated with reproduction (Thompson et al. 2013) . We know that solitary mature males tend to strand between March and May (unpublished data). It is possible that these "roving males" strand during an autumnal mating season as they move to coastal waters in search of receptive females. The only genotyped group consisting of multiple males and females was found during autumn on the Chatham Islands (Figure 1) . Unfortunately, no specimen data were obtained during this stranding so no estimates of ageclass could be implied. However, it is possible that this larger group of 10 whales was a breeding aggregation and that males may form social alliances to consort females, a behaviour seen in bottlenose dolphins (Tursiops spp.), but not previously described in beaked whales (Connor et al. 1992) . This is the first study to assess genetic kinship in beaked whales. Other research using photo-identification suggests that beaked whale species exhibit a range of social systems. Northern bottlenose show both sex-and age-class segregation, whereas in contrast, Blainville's beaked whales form "harem" groups of multiple females with at least 1 male (Gowans et al. 2001; Claridge 2013; Dunn 2014 ). Baird's beaked whales (Berardius bairdii) appear to form fission-fusion societies with some stable associations (Fedutin et al. 2014) . Unfortunately, in the absence of DNA analyses, we do not know the kinship relationships within these groups. Though other beaked whales do strand, Gray's are the only species to regularly strand in groups.
We found no evidence of kin associations in these stranded Gray's beaked whale groups. These groups may be formed opportunistically for foraging or reproduction and we cannot exclude a fission-fusion system as observed in Baird's beaked whale. Our results are also consistent with the fission-fusion systems reported in several oceanic delphinids, for example, spinner dolphins (Stenella longirostris) (Karczmarski et al. 2005) , common dolphins (Viricel et al. 2008) , and Atlantic white-sided dolphins (Lagenorhynchus acutus) (Mirimin et al. 2011) . Stranded groups of white-sided dolphins consist of unrelated adults with calves that were also not closely related (e.g., half-sibs) (Mirimin et al. 2011 ). This suggested that females had mated with males that were not present within the group and that these dolphins most likely have a promiscuous mating system. Unfortunately, in the Gray's beaked whale groups that we have sampled, the sample sizes are too small to provide further information on potential mating systems.
We found that both sexes may disperse, and subadults can be frequently found with unrelated individuals. We also observed groups of mixed age-classes and potential sex segregation. More data would confirm whether the sex segregation we observed in these strandings persists across Gray's beaked whale society. Affiliations of unrelated females are also observed in sperm whales and long-finned pilot whales-species with complex and hierarchical social structures (Ortega-Ortiz et al. 2012; Oremus et al. 2013 ). Both these species strand regularly in groups and are known to be deep-divers that feed on similar prey to beaked whales. We hypothesize that there could be similarities in terms of social organization between these oceanic species that induce them to strand so regularly together, but clear differences in terms of their social complexity. A potentially temporally flexible social structure is most likely driven by an extreme deep oceanic lifestyle where prey resources are dispersed and unpredictable. We currently have no data on the temporal nature of Gray's beaked whale associations but, given the suite of new tracking technologies, tracking refloated whales would prove useful. We would also suggest continued effort to collect data from all stranded Gray's beaked whales, particularly full necropsy analyses and further genetic sampling.
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